SURGICAL NEEDLE WITH LASER TARGET 



Reference To Related Applications 

[0001] This is a continuation-in-part application of 

Serial No. 10/364,880, filed on February 12, 2003 
titled: Surgical Needle With Laser Target. 



Background Of The Invention 

[0002] In general, this invention relates to a laser 
powered surgical instrument which provides 
Shockwaves for the ablation of tissue and more 
particularly to one that provides certain 
improvements over the surgical instruments shown 
in United States Patents No. 5,324,282 and No. 
5, 906, 611 . 

[0003] The embodiment of the invention described is 

adapted to be used in eye surgery and particularly 
for cataract removal. However, the invention can 
be embodied in devices which are adapted to other 
surgical purposes . 

[0004] The use of laser energy for eye surgery is well 
known. More particularly, employment of laser 
energy directed to a metal target to generate 
Shockwaves which impinge on tissue to break up the 
tissue is known in the above referenced two 
patents . 

[0005] The primary purpose of this surgical needle is for 
cataract surgery. The cataract tissue is held at 
the distal opening of the needle and is broken up 
by Shockwaves that shatter the tissue on which the 
Shockwaves impinge. These Shockwaves are 
generated by application of laser pulses on a 
metal target located within the surgical needle 
adjacent to the opening of the needle at which the 
targeted tissue is positioned. 
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[0006] The surgical needle designs shown in the above two 
referenced patents have been successfully employed 
in surgery; the stepped target design of the *611 
design being preferred. 

[0007] However, there are operating features of known 

operating needles which it is desirable to improve 
and that would provide an enhanced surgical 
instrument . 

[0008] More particularly, it is desirable that the device 
permits completion of the procedure with less 
operating time and use of less energy. 

[0009] One advantage of a shorter operating time is that 
it provides less trauma and less risk to the 
patient. This shorter operating time provides 
overall enhanced patient function only when 
accompanied by a lower energy requirement and by 
an enhanced ability for the surgeon to navigate 
the needle with assurance of position. 

[0010] For example, one feature that the surgeon refers 
to as "occlusion" is the ability of the distal 
opening to hold the tissue in place as it is being 
shattered by the Shockwaves. In large part 
because it aids in providing a shorter operating 
time, it is an object of this invention to enhance 
the occlusion. When cataract tissue has been 
broken off by a pulse of energy, it is frequently 
too large to aspirate out of the small aspirating 
passageway in a needle. It is important that the 
tissue be held at the distal operating port of a 
needle so that a second or third pulse of 
ultrasonic energy will break down the tissue for 
ultimate aspiration . 

[0011] A greater flow velocity of aspirating fluid 
enhances occlusion and thus helps to rapidly 
remove fractured tissue so that the ablating of 
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tissue can proceed without obstruction and thus 
more rapidly. To achieve this greater velocity of 
aspirating fluid, it is desirable that there be as 
little turbulence as possible. Flow that is close 
to laminar flow will permit a more rapid flow of 
fluid and thus a more rapid removal of fractured 
or ablated tissue. A greater flow velocity will 
create a greater vacuum at the operating port that 
better holds the tissue and provides enhanced 
occlusion . 

[0012] Thus it is an object of this invention to provide 
a structure and technique that provides enhanced 
occlusion and greater flow velocity. 

[0013] It is important that the above objects be obtained 
in a device where additional structural features 
or complicated procedures are not required so that 
costs can be minimized and the surgeon will feel 
as comfortable as possible in using the device and 
the procedure associated therewith. 
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Brief Description 



[0014] In brief, one embodiment of this invention 

involves a 1.2 mm outside diameter needle having a 
distal operating port of about 0.6 mm to 0.8 mm. 
The operating port of the needle is at the distal 
end of the needle so that the surgeon' s view of 
the operating area is minimally blocked. The 
target on which the laser energy impinges to 
generate the acoustic Shockwaves is adjacent to 
the distal end of the target and positioned close 
to the operating port. 

[0015] By having a shorter operating time, the target can 
be somewhat less massive than in the prior art. 
Thus the needle is designed with a blunt end at 
which the operating port is positioned so that the 
operating area can be more readily observed. 

[0016] The 20.5 mm long needle is made of a unitary metal 
and thus without seams. This lack of seams 
reduces turbulence and permits flow closer to 
laminar flow or laminar-like flow than occurs in 
the prior designs thereby providing a flow 
velocity that better holds the tissue at the 
operating port and thus permits quicker removal of 
fractured tissue. This contributes to a lesser 
operating time. 

[0017] In large part, because of a greater flow velocity, 
better occlusion of larger fragment tissue pieces 
is obtained at the operating port to assure 
immediate further shattering by subsequent 
Shockwaves and then aspiration through the needle. 

[0018] The target structure is best understood by 
reviewing the drawings. It is a structure 
somewhat different than the stepped target shown 



4 



in Patent No. 5,906,611. The structure provides 
an optimum geometry to supply enough target 
material for the operation without requiring a 
more massive amount of target material- This less 
massive target makes possible an overall geometry 
which facilitates the use of this operating 
needle . 

On Terminology 

Flow Velocity/ Flow Rate And Flow Volume 

[0019] It is worthwhile keeping in mind a distinction 

between flow velocity, flow rate and flow volume. 
In large part because of the smaller operating 
port, the amount of fluid that is aspirated in a 
given time period (i.e., flow rate) is reduced 
over the prior art design. But because of a 
greater aspirating vacuum, the velocity of the 
fluid being aspirated into and through the needle 
is greater. This greater flow velocity helps to 
increase the occlusion characteristic of the 
operating port. 

[0020] Further, even though the flow velocity in the 

needle is increased, a shorter operating time and 
lower flow rate means that the total volume of 
flow is reduced over the prior art. Thus/ in this 
design, an increased flow velocity is coupled with 
a decreased flow rate and decreased flow volume. 

Smooth Surface . 

[0021] The inner surface of the needle is referred to 

herein as smooth. This is the best geometric term 
for the surface characteristic that minimizes 
turbulence and minimizes friction. It provides 
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laminar flow or close to laminar flow. In 
addition, it provides a reduced or minimal 
friction for the flow of fluid through the needle. 

[0022] The smoother surface is created by fabricating the 
bore or lumen of the tube with a high speed (for 
example, 40,000 rpm) drill such as used in high 
quality watch making. This avoids having the 
small nicks or scratches on the inner surface that 
create or increase turbulence. 



[0023] Having the needle as a unitary tube avoids the 

welding or other forming process that inevitably 
creates small bumps or discontinuities on the 
surface near the welding. These bumps or 
discontinuities create or increase turbulence. 

[0024] The smooth bore surface required to achieve 

greater tissue retention calls for the combination 
of a unitary needle and a bore created by a high 
speed drill . 



Turbulence And Friction 

[0025] Minimizing turbulence and friction is the key to 
obtaining a faster flow velocity which, in turn, 
creates the enhanced occlusion (retention) of 
particles at the distal operating port. The 
smooth surface of the bore in the needle, created 
by a high speed drilling technique, reduces 
turbulence and also reduces friction. This smooth 
bore surface makes it possible to maximize the 
velocity at which essentially laminar flow can be 
maintained. An attempt to increase the velocity 
to the point where turbulence occurs would in fact 
reduce the flow and reduce the ability to hold the 
particle being shattered at the distal port of the 
needle . 
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[0026] It is believed that this combination of maximized 
substantially laminar flow and minimized friction 
work together to provide an optimally high 
velocity and thus achieve enhanced tissue 
occlusion . 
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Brief Description Of The Figures 



[0027] FIG. 1 is a longitudinal sectional view through 
the first embodiment of the surgical needle of 
this invention. 

[0028] FIG. 2 is an expanded sectional view of the distal 
end of the FIG. 1 instrument. 

[0029] FIG. 3 is a side view of the distal end of the 
FIG . 1 instrument . 

[0030] FIG. 4 is a perspective view of the distal end of 
the FIG. 1 instrument. 

[0031] FIG. 5 is a partially cut away perspective view of 
the FIG. 1 distal end. 

[0032] FIG. 6 is a longitudinal sectional view, similar 
to FIG. 1, of a second embodiment of this 
invention . 
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Description Of The Preferred Embodiments 



[0033] As shown in the FIGs., the surgical needle 10 has 
a unitary sidewall 12, an aspirating channel 14 
and an optical fiber 16 adapted to convey laser 
energy. 

[0034] The distal end of the needle 10 has a relatively 
blunt front surface 18 and an operating port 20. 
The target 22 is a complex surface comprising a 
primary surface 24 and a small hill 26. The 
central axis of the optical fiber 16 is in 
alignment with the hill portion 26 so that when 
the optical fiber supplies pulses of laser energy, 
the central component of those pulses will impinge 
on the hill 2 6 causing optical breakdown and the 
release of Shockwaves that are then transmitted to 
the operating port 20. After the hill 26 has been 
ablated away, the main portion of the laser pulse 
energy will impinge on the main surface 24 
providing further Shockwaves. The hill 26 is not 
a necessary component of the design. It is an 
artifact of the process of drilling the port 20. 

[0035] Because of the unitary sidewall 12, there are no 
ridges or bumps in the sidewall 12 which would 
induce turbulence. It is true that at the port 
20, the suction of fluid into the aspirating 
channel 14 causes turbulence as does the front 
edge of the optical laser energy fiber 16. 
However, the smooth inner surface over ninety (90) 
percent of the needle which is proximal of the 
front end of the fiber 16 promotes a more laminar 
type of flow and thus permits a greater flow 
velocity than otherwise would be the case. 

[0036] The bore that defines the channel 14 is created by 
a high speed (for example 40,000 rpm) drilling 
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process such as is used in high quality watch 
making. This creates the channel 14 surface that 
has minimum nicks and scratches. The lack of 
ridges and bumps by avoiding a seaming process 
together with the minimized nicks and scratches 
provides the desired smooth channel 14 wall 
surface . 

[0037] Irrigation is provided by a separate irrigating 
needle (not shown) of a type known in the art. 

[0038] The circular port 20 is preferable over an 

elliptical port. The reason is that for a given 
maximum size particle to be aspirated, the 
circular port has a lesser cross-sectional area 
and thus provides a better trade-off of higher 
flow velocity and lower flow volume. 

[003 9] This combination of structural features provides a 
more optimum trade-off of functional features. 
The aspirating flow velocity is increased because 
of the less turbulent more laminar flow. This 
less turbulent more laminar flow arises because of 
a structural design which includes the unitary 
needle wall 12 having a smooth inside surface. 
The higher velocity flow due to a less turbulent 
aspirating flow, permits the use of a lesser 
quantity of fluid to provide an enhanced 
aspirating effect . 

[0040] In large part, because of the greater flow 

velocity, pieces of tissue that have been ablated 
are more readily held at the operating port 2 0 to 
be shattered into smaller pieces that can be more 
readily aspirated by immediately successive 
Shockwave pulses. This enhanced occlusion results 
in a shorter operating time. 

[0041] In part as a consequence of the shorter operating 
time, the target 22 need not be as massive as in 
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previous designs. Thus it can be designed to 
permit a needle at which the operating port 2 0 is 
at the distal end, rather than requiring a set 
back to accommodate a more massive target. In one 
embodiment, the thickness of the target 22 over 
the main target surface is 0.21 mm. 

[0042] Having the operating port 20 at the distal end 
means that the surgeon' s view of the operating 
zone where the tissue ablation occurs is minimally 
obstructed by the front surface of the needle. 
This provides the surgeon with a greater ability 
to navigate the needle with assurance and 
precision thereby contributing to the shorter 
operating time. 

[0043] As may be seen in FIG. 2, the port 20 and target 
24 have a geometric relationship to each other 
that contributes to the enhancement of this 
operating needle. In particular, a longitudinal 
plane perpendicular to the plane of FIG. 2 and 
extending through the axis of the wall 12 will 
show the port 2 0 to be on one side of that plane 
and the target 24 to be on the other side of that 
plane. In addition, the port 20 and the target 24 
are in approximately the same radial zone at the 
end of the needle. Further, the plane of the 
target 24 is at approximately 45 degrees to the 
axis of the sidewall 12 and the central axis of 
the port 2 0 is at approximately 3 0 to 4 5 degrees 
to the central axis of the sidewall 12. This 
geometric combination assures that tissue ablation 
occurs at the front of the needle, is more readily 
visible to the surgeon, and that the Shockwaves 
are directed onto the tissue to be fractured. 
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[0044] It is presently believed that a somewhat shorter 
laser pulse length (for example, four nano- 
seconds) may be advantageous in reducing the mass 
of target required, thereby contributing to most 
of the other parameters discussed above, while 
delivering adequate energy Shockwaves to ablate 
tissue particularly where the tissue particles are 
better occluded at the port 2 0 so that they can be 
more quickly disposed of as smaller aspirated 
pieces by immediate successive Shockwaves. 

[0045] As may be seen in the above description, this 

combination of features positively reinforce one 
another to provide an optimum design. In a sense, 
many of these features are not so much trade-offs 
with one another as features which make it 
possible for the other feature to be effective. 

[0046] For example, less turbulent flow due to the 
unitary, smooth sidewall 12 provides better 
occlusion which makes it possible to reduce the 
operating time which therefore allows for a less 
massive target 22 which in turn permits the tip 
design in which the port 20 is at the distal end 
so that the surgeon can better navigate the needle 
thereby reducing operating time that in turn 
permits the reduced mass of the target. 

[0047] With respect to the target 22, the hill 26 is 

created by the forming technique that creates the 
port 20. The target could be a single surface at 
the ang 1 e s hown . 

[0048] The target 22 differs from the stepped target in 
Patent No. 5,906,611 in that the target surface 
24, and the target surface of the hill 26, are at 
an angle (approximately 45 degrees) to the axis of 
the needle thereby providing a more direct path 
between the Shockwaves generated in the mouth 2 0 
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than in the x 611 patent design. It is believed 
that this more direct path makes a given energy 
Shockwave more effective in breaking up tissue at 
the operating port 20. 

[0049] In one preferred embodiment, the following 

dimensional arrangements exist. The needle 10 is 

2 0.5 mm long, has an outside diameter of 1.2 mm, 
and an inside diameter of 0.9 mm and thus a very 
thin wall of 0.15 mm. The laser fiber is 0.34 mm 
in diameter. In that embodiment, the operating 
port 20 is circular and has a diameter of 0.6 mm 
to 0.8 mm and the axis of the port 20 is at 
approximately 45 degrees to the axis of the needle 
10. The front end of the optical fiber 16 is 1.9 
mm from the distal edge of the needle and 
approximately 1.3 mm from the beginning point of 
the operating surface provided by the hill 26. 

The curved distal tip of the needle 10 is 
approximately a spherical surface having a radius 
of curvature of 0.6 -mm. 

[0050] In that embodiment a known YAG laser provides 

laser energy at 1.064 nano-meters in pulses having 
about 4 nano-second widths. The needle 10 
including the target 22 is titanium. 

[0051] The FIG. 6 embodiment differs from the embodiment 
of FIGs. 1-5 in one major respect. It has a step 

3 0 at about one third of the way from the proximal 
end of the needle 10. This step provides a 13 mm 
long distal sidewall section that is smaller and 
thinner than is the FIG. 1 embodiment. This 
enhances the surgeon's view and reduces trauma. 
The proximal sidewall section has the same O.D. as 
in the FIG. 1 embodiment so as to fit into a 
predetermined handle. This thinner sidewall 
section that is distal of the step 3 0 has one mm 
O.D. and a 0.8 mm I . D . 
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[0052] What has been found is that the channel diameter 
change at the step (a change from 0.8 mm to 0.9 
mm) does not materially affect turbulence. 

[0 053] Thus, It should be understood that a smooth 

surface is consistent with having a minor step to 
increase the proximal diameter of the bore of the 
needle for the purpose of decreasing friction. A 
step that does not substantially increase 
turbulent flow is consistent with the definition 
herein of the smooth surface as one which is 
smooth enough to minimize turbulence and minimize 
friction. 

[0054] While the foregoing description and drawings 

represent the presently preferred embodiments of 
the invention, it should be understood that those 
skilled in the art will be able to make changes 
and modifications to those embodiments without 
departing from the teachings of the invention and 
the scope of the claims. 
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